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ABSTRACT 

The characteristic volumes for vacancies In face 

centered cubic crystals have been investigated by two differ 

ent experimental techniques. The formation volume of 

vacancies was measured by determining the effect of pressure 

on quenched-In resistance in gold and aluminum. Formation 

volumes of 6.8 ± 0.4 cm3/mole and 6.38 ± 0.15 cmVmole, 

respectively, are inferred. The value for gold is in agree

ment with previous quenching data which has been corrected. 

The only previous determination of the formation volume for 

aluminum by a less direct method agrees well with our value. 

The sum of the formation and motion volume was investigated 

in copper by measuring the effect of pressure on the diffu

sion rate. The average volume for the two isotherms is 

6.2 ± 0.3 cm3/mole. This value supports the result for gold 

and is in good agreement with a recent theory. 

vii 



INTRODUCTION 

The effect of pressure on physical properties which 

are dependent on the presence of vacancies is a useful 

method for studying the characteristic volumes of this de

fect. The increased resistance of high purity wires result

ing from rapid cooling from a liigh quench temperature is 

proportional to the initial concentration of vacancies at 

the quench temperature minus those migrating to sinks dur

ing cooling. By varying the rate of cooling it is possible 

to extrapolate to the equilibrium concentration of vacancies 

present at the quench temperature. The effect of pressure 

on the concentration of vacancies is directly related to the 

activation volume of formation AV^, of vacancies. By further 

studying the effect of pressure either on the losses during 

quench while the vacancies were migrating or the subsequent 

annealing of the quenched vacancies to sinks, the activation 

volume of motion AV of vacancies can be determined. In m 

another instance, the diffusion of tracer atoms In certain 

materials is accomplished by a vacancy mechanism. The pro

cess involves both the formation of vacancies as well as 

their motion. The sum of these volumes AVaet can be meas

ured by investigating the effect of pressure on the diffu

sion coefficient. 



1 2 Huebener and Homan and Grimes have measured AVf 

for gold by simply heating the specimen at high pressure and 

turning off the current to introduce vacancies. Their value 
•a 

combined with Emrick's-' AV^ for gold obtained by annealing 

of quenched-in vacancies at pressure checks well with the 

4 sum AV measured by Dickerson, Lowell and Tomizuka. More 
Cj 

recently Bourassa, Lazarus and Blackburn have determined 

AVp from an interpretation of pressure and temperature ef

fects on resistivity and thermoelectric power in gold. 

Their value for gold is larger than that from the previous 

quenching experiments. There are several reasons for this 

discrepancy. In order to determine the quenching tempera

ture, the resistance at room temperature and quench pressure 

was used in their calculations. Bourassa et^ al. have since 

measured the effect of temperature on the pressure coeffi

cient and found a significant difference between the 

coefficient at room temperature and that at the quench tem

perature. This introduces a pressure dependent error in the 

isotherms of both Huebener and Homan and Grimes. These 

quenching experiments also assumed either no vacancy loss 

during quench or a pressure dependent loss. Flynn, Bass and 

6 7 
Lazarus and Kino and Koehler have constructed theories for 

vacancy loss at various linear quench rates. In order to 

maintain a linearity of temperature drop with time, Emrick 

8 and McDonald recently developed a temperature controller 
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which permits linear quenches at any rate up to the limit 

imposed by the specimen environment. In view of the signif

icance of a reliable value for AV^ in the understanding of 

the defect controlled properties of various metals, accurate 

determination of AV.^ is essential. We have therefore re-

measured AV^ for gold and measured AV^ for aluminum taking 

into account these new results. 

9 Schottky, Seeger and Schmid^ have calculated vacancy 

volumes for all the noble fee metals. Since all other theo

retical calculations are based only on copper, we have mea

sured AVaĉ . for copper in order to distinguish between these 

theories. 



EXPERIMENTAL PROCEDURE. 

Quench-Re s i s t ivi ty 

The gold specimens were fabricated from 0.004 inch 

diameter wire drawn by Cominco American, Inc. from nominally 

99.999935 pure ingots. Potential leads were 0.0006 inch 

diameter 99-99% gold wire supplied by Sigmund Cohn Corp. 

Both specimen and dummy were given a 30 minute 900°C air 

anneal after cleaning with acetone. After insertion into 

the pressure vessel, tank pressure argon was introduced and 

both specimen and dummy were annealed at 800°C for 10 min

utes, 500°C for 5 minutes and 300°C.for 15 minutes. The 

latter treatment was given the specimen before each quench 

for the reasons stated by Bass."*'^ This procedure was effec

tive, the resistance increase between quenches being less 

than 0„6]i& when the total resistance quenched-in was 10-30U&. 

The gold temperature scale used was that of Meechan and 

11 12 Eggleston and Northrup along with the pressure coeffi-
<5 

cient determined by Bourassa et^ al. 

The aluminum specimens were made from 0.004 inch 

diameter wire of nominal 99-999% purity supplied by Sigmund 

Cohn Corp. The wires were etched in a phosphoric and 

chromic acid mixture and rinsed in distilled water. Poten

tial leads were also the 0.0006 inch gold, since small 



diameter aluminum leads could not be spot-welded success

fully. The initial anneals were 30 minutes at 550°C and 45 

minutes each at 300°C and 10'0°C'. The last two were subse

quently reduced to 20 minutes each. The resistance baseline 

shifts were larger than for gold, but reproducible results 

were obtained despite shifts which varied from 0.6uS2 to 

3.0uG. Data after shifts in excess of the latter value were 

excluded. The aluminum temperature scale used was that of 

1^ Simmons and Balluffi along with the pressure coefficient 

determined by Bourassa et_ al. 

The position of the leads was adjusted potentiomet-

rically before spot welding to minimize the difference in 

resistance between specimen and dummy. Small temperature 

differences between specimen and dummy had a negligible 

effect on the measurement of quenched-in resistance AR. AR 

was measured to about ± O.ljifl by the standard bridge tech

niques11*'^ using a Rubicon 6-dial potentiometer and photo

electric galvanometer. The measuring current was monitored 

to 0.05000 ± 0.00002 A by use of a Leeds and Northrup K-3 

potentiometer across a lfl standard resistor in series with 

the specimen. 

The total specimen length was about 6cm and the 

gauge region about 1.6cm long. This gauge region was well 

within the uniform temperature region observed in gold 

visually at 900°C. Since the quenches were limited to at 



most 720°C and since the pressurized gas would tend to re

duce the importance of conduction along the wire, the 

temperature gradients in the gauge region were assumed to 

be small. This assumption was confirmed by spot welding two 

extra potential leads in the gauge region. The relative 

voltage drops remained constant to three figures from room 

temperature to beyond the quench temperature. 

The specimen frame was inserted in a rectangular 

slot in a 1 inch diameter aluminum cylinder as shown in 

Pig. 1. The cylinder minimized temperature gradients. The 

4 gas pressure system has been described in a earlier paper. 

Pressure was measured by a manganin gauge. The pressure 

medium was ultra-high purity argon for most series of 

quenches. However, no differences in results could be 

attributed to the use of commercia.1 grade argon on several 

runs. 

Since it was difficult and undesirable to immerse 

the specimen plug in a liquid temperature bath, the specimen 

resistance was measured in the pressure vessel at atmos

pheric pressure and temperature. A Chromel and Alumel 

thermocouple calibrated with an ASTM thermometer was used to 

measure the temperature. Although this thermocouple was 

mounted near the specimen, variations in quench temperature 

of ± 5°C from one specimen to the next could be attributed 
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to this procedure. Thus, direct comparison of values from 

one specimen with those of another was difficult. Fortu

nately the specimen remained in place with no further 

handling once it was in the vessel. An entire series of 

quench rate changes for various pressures could be performed 

on a single specimen without affecting dislocation densities 

due to mechanical strains. Thermal strains were also mini

mized since the maximum quench rate was 2 x 101* C°/sec. 

After annealing the specimen, the resistance base 

was measured at tank pressure with both current directions 

to minimize the effect of thermal emf's. The system was 

heated slowly to the quench temperature TQ by use of the 

temperature controller. Tn was determined by measuring the y 

specimen voltage with a Leeds and Northrup K-3 potentiometer 

and specimen current with a Weston Model 931 ammeter which 

was calibrated against a in resistance standard. A 

Tektronix 555 Dual-Beam oscilloscope was triggered after 

the potentiometer indicated a stable temperature. The 

scope delayed trigger then switched on a ramp circuit 

designed to introduce a linear voltage drop to the tempera-
Q 

ture controller. This false signal caused the controller 

to maintain a linear temperature drop which could be varied 

in time by changing the time constant of the ramp circuit. 

The specimen voltage and current traces were recorded by a 

Tektronix C-12 oscilloscope camera. Trace intensity was 



modulated by pulses from a. Tektronix Time-Mark generator 

operating into the z-axis inputs of the 555. The photo

graphed traces could then be analysed to determine quench 

rates as well as T^. Variations in TQ due to turbulence of 

the pressure gas was the chief source of error. Small pres

sure leaks had a dramatic effect on. temperature stability. 

Errors in reading the films led to an uncertainty of ± 10°C 

in measuring temperature. Indicated temperatures before 

quench which were outside this uncertainty were used to dis

card a quench as unreliable. 

The resistance after quench was measured immediately 

after the pressure had been released, typically within 8 

minutes after quench and never more than 15 minutes. A 

measurement over two current directions could be taken with

in 6 minutes after quench. Occasionally measurements were 

taken over a period of 30 minutes. No resistance annealing 

could be detected. For gold specimens the vessel was at 

ambient temperature (22-25°C)a while for aluminum the vessel 

was packed in dry ice. Although there was a diurnal varia

tion in internal vessel temperature of about 3C°, no effects 

could be attributed to it. 

Quenches were made at various rates at a given pres

sure. The sequences of quenches mixed short and long rates 

to reduce the effects of a possible change in specimen 
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purity with use. The sequence of pressures was also varied 

for the same reason. 

Tracer Diffusion 

A 99.999# pure copper single crystal was grown in 

vacuum by a modified Bridgman method in a high purity 

graphite crucible. The ingot was then cut and mechanically 

polished in order to remove any damage incurred during the 

cutting and to insure a flat surface for diffusion and sub

sequent sectioning. The prepared crystals were annealed for 

4-8 hours at 980°C in vacuum. The crystals were then checked 

16 • for possible grains with a preferential etch. Only those 

crystals with no sign of polycrystalinity were used in the 

diffusion runs. 

The Cu-64 isotope, obtained commercially from 

Cambridge Nuclear Corporation, was electroplated onto the 

surface of the crystal. The 12.8 hour half life and time 

dependent thermocouple deterioration restricted the run time 

to 150 minutes and therefore necessitated taking rather 

small sections of 0.0003 inch. The standard lathe section-

17 ing and weighing techniques described by Tomizuka were 

employed. The gas pressure system and internal furnace have 

been previously described. As a precaution against trapping 

any impurities, the lavite pieces were baked out before a 

series of runs and stored in an evacuated chamber between 
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runs. In all runs* high purity-(99-999%) argon was employed 

along with a cold trap at dry ice temperature. 

The 0.5 Mev annihilation gamma from the 3+ was 

counted by means of a RIDL 34-12B 400 channel analyzer. All 

activities were corrected for the decay of the copper iso

tope. Corrections were also applied for warm up and cooling 

for the diffusion anneals. The Chromel and Alumel thermo

couples used in the runs were calibrated against new 

thermocouples from the same spool which had been standarized 

with a 90% Pt.-10/S Pt.-Rd reference grade thermocouple. 

Some of the thermocouples indicated as much as 10 C° 

deterioration. Only those runs which indicated a discrep

ancy of less than 2 C° were used in the analysis. 



RESULTS 

Gold Quenching 

Isobars of the quenched in resistance AR normalized 

to the resistance of the specimen at 20°C Rao versus the 

reciprocal quench rate t are shown in Figs. 2, 3» 4 and 5. 

Errors in measuring AR/R30 arjs smaller than the symbols. 

The importance of an accurately defined quench temperature 

is illustrated by the vertical bar at P = | kbar and x = 

1 x 10"* sec/C°. A 10 C° variation in TQ produces a change 
of about 13# in the quenched in resistance. Except where 

noted by error bars, the quench rates are quite linear. 

Occasionally the quench rate would change after the first 

100 C° to 200 C° drop in temperature. The range in slopes 

is indicated by error bars but the point is weighted in 

favor of the initial slope. It should be noted in Pig. 4 

that there are two §• kbar isobars. During the first § kbar 

run it was noted that a large (2.5y^) baseline shift 

occurred after each anneal. The specimen was removed from 

the vessel and found to have sagged excessively. A 0.0006 

inch gold wire support was looped under the specimen to lift 

it back to a nearly horizontal position. It was then given 

another 25 minute 900°C air anneal before replacing in the 

vessel. The other four isobars were then taken in the order 

12 
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Figure 2. Quenched-in Resistance Ratio at 720°C 
Versus Reciprocal Quench Rate for Gold Specimens n and T2 
at Various Pressures. 
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Figure' 5» -Quenched-in Resistance Ratio at 640°C 
Versus Reciprocal Quench Rate for Gold Specimens r4 at 
Various Pressures. 
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indicated. Specimen T2 had no such support, but it neither 

sagged nor showed the large baseline shift. As a precaution 

r4 was made with a support. This support had no visible 

effect on temperature uniformity at 900°C in air on either 

T3 or r4. It is apparent that consistency in results is not 

sufficient to guarantee meaningful results. The baseline 

shift had a dramatic effect on the results for the gold 

specimens. 

At 6 kbar it was possible to obtain quench rates in 

excess of 1 x lO* C° sec"1. Specimen r4 was used to deter

mine whether or not the slope for the 1 x 10* to 1 x 103 

Cc sec"1 isobars continued to the higher quench rates. 

These rates, x. < 10"* sec/C°, are the ones typical for 

quenches into liquids. The current decreased so rapidly to 

produce these high quench rates that the signals were too 

small to measure with any degree of accuracy. The ramp 

speed was found to be linear in the time constant resistor 

over a wide range, so the fast quench rates were inferred 

from the ramp control setting. The pressure system was leak 

ing badly at 6.7 kbar, so the full Isobar was not traced out 

It is nonetheless seen to be consistent with the 4 kbar iso

bar even for the fastest quenches. 

Another interesting result from this specimen is the 
. \ 

decrease in slope of the § kbar isobar after the 6.7 kbar 

run. The intercepts agree within 3% hut the slope decreases 
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by a factor of 1.6,. Further experiments are being made in 

an attempt to determine the behavior of the sinks under 

pressure. This result does indicate that our extrapolated 

values are nearly independent of sink concentration• This 

is as expected unless the dominant sink is an impurity which 

has a large vacancy-impurity binding energy. 

In Pig. 6 the intercepts are plotted as a function 

of pressure. Specimen T1 is not included since there were 

too few points to allow an extrapolation. It should also be 

noted that the 640°C curve of F2 is higher than those of the 

other two specimens due to an apparent error in measuring 

Rao as\ mentioned in the experimental procedure. The numbers 

adjacent to the data points indicate the order in which the 

isobar was obtained. Formation volumes correspond to the 

least-squares straight line along with the least-squares 

error. Weighting each value by the reciprocal of the least-

squares error (and taking the error of T4 to be ± 1 cm3/mole 

since so few points are involved), an average value for AV^ 

is found to be 

= 6-8 ± 0.^1 cm3/mole . 

Aluminum Quenching 

Of 19 aluminum specimens constructed and placed in 

the pressure vessel, only two remained intact long enough to 

get data at more than two pressures. Of these, the results 
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Figure 6. Variation of Extrapolated Equilibrium 
Resistance Ratio with Pressure for Gold Specimens at 720°C 
and 6^0oC. 
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for A£l4 are shown in Fig. 7» The pre-quench temperature 

stability as indicated by the K-3 potentiometer was better 

than 1C°. This stability is reflected in the reproducibility . 

and small scatter in the data. The intercepts of Fig. 7 are 

plotted in Fig. 8.. The results for the other specimens, 

where more than one isobar was obtained, were consistent 

with the results for Specimen A£l4. If there was any trend 

in these other data, it was toward a smaller formation vol

ume. However, in those cases there was a large baseline 

shift between quenches so that those results were not given 

much consideration. Several quenches from a lower tempera

ture (375°C) were also made and the results were in agree

ment (but with larger error) with A£l4. Employing the data 

on A2,l4 alone we obtained 

=  6 . 3 8  ± 0.15 cm3/mole . 

The error indicates only the least squares fit to the plot 

of the intercepts vs. pressure. 

Copper Diffusion 

Penetration curves for the extreme pressures of the 

two isotherms are shown in Fig. 9- The dependence of the 

specific activity on penetration depth follows Pick's law 

for diffusion. The decrease in slope with increasing pres

sure is further demonstrated in Fig. 10 where the diffusion 

coefficient is seen to decrease exponentially with pressure. 
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Figure 7. Quenched-in Resistance Ratio at 420°C 
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Figure 9» Penetration Curves for the Extreme Pres
sures of the 960°C and 910°C Isotherms of Copper. 
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Due to an apparent systematic error caused by the detrimen

tal environment in the pressure system in comparison to that 

of a vacuum, the zero pressure extrapolation of our curves 

l8 
does not agree with the earlier data of Kuper et al. The 

analysis included only those points which were within five 

standard deviations of the best fit to the data. The least 

square values of for the two isotherms where 6.5 ± 

0.2 cm3/mole for 960°C and 5*5 * 0~3 cm3/mole for 91Q°C» 



DISCUSSION OP RESULTS 

Quench-Res1stivity 

The excess resistance retained after quenching from 

temperature TQ can be interpreted in terms of the physical 

properties of the defects responsible for the increased 

electron scattering. If all of the defects in equilibrium 

at Tn remain after the quench, then the interpretation of 

the creation of defects as an activated process will yield 

the thermodynamic relation for the concentration, C(T) 

C(T) = C0 exp(-AGf/kTQ) , 

where AG£ is the Gibbs free energy to form a defect. The 

volume of formation is thermodynamically related to AG^ by 

3AG.~ 

AVf = [if~]t • 

If we assume that the pressure effect on C0 is small com

pared with experimental error and that the quenched-in 

resistance ratio AR/RQ is proportional to the vacancy con

centration, then in terms of measurable quantities, 

4Vf.-„a(i*4g£jL) . 

Q i 

26 
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A measurement of AR/RQ for infinite quench rates 

from a fixed temperature as a function of pressure will then 

give a value for the formation volume. 

In order to extrapolate properly to infinite quench 

rate, a model must be employed to explain the losses occur-
g 

ring during quench. Plynn et_ al. considered the driving 

force for vacancy anneal during quench as depending on the 

vacancy supersaturation at the instantaneous temperature 

rather than at the final temperature. The theory states 

that the fractional loss during quench to a fixed random 

distribution of sinks is proportional to DQT, where DQ is 

the vacancy diffusion coefficient at TQ. Thus for a fixed 

T_ and P9 the amount lost as proportional to AR/Ro should y 

vary linearly with t. This is illustrated in Pigs. 2-5 and 

7 and is the basis for our extrapolation to infinite quench 

rate. For a fixed TQ, DQ depends exponentially on pressure 

through the vacancy motional volume, therefore 

1  -  f i r  • A T  -

where A is a constant dependent on the type of sinks assumed 

and can be pressure dependent and ARo is the extrapolated 

equilibrium AR. In terms of the slope Z of the linear plot 

of AR vs_. x the above equation yields 

- iVf •. 
Q  
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If A Is assumed independent of pressure which would be 

approximately the case for example with dislocations as 

sinks, the slope dependence on pressure indicates a motional 

volume several times larger than that of Emrick. 

The type of sink involved In the losses during 

quench can be investigated from the extension by Kino and 

7 Koehler' of the Plynn et_ al. theory to different sink mecha

nisms. If a dislocation mechanism is assumed they find 

1 " 35" = W-8lrvTQa2Nd e*pC-Em/kTe!):lT expC-F&Vj/kTq) , 

where v is the atomic vibration frequency, is the dislo

cation density, a is the interatomic distance and t is the 

motional energy of a vacancy. 

Prom the § kbar Isobar at 640°C of Specimen r2, the 

value for gold of is 1 x 10s cm"2. This is an order of 

magnitude smaller than that found in most quenching experi

ments and may reflect the fact that the specimen is not 

moved between quenches. 

For the loss of vacancies to small spherical impurity 

clusters, Kino and Koehler find 

E -PAV 
1 - sib * CT6-8r #cikT*Q ê c-VkVf(z,ci>:iT "Phar1'' 

m w 

where is the mole fraction of nucleation sites, Z is the 

number of atomic Jumps during quench, r0 is, the radius of 

the nucleation site and is the formation energy of 
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vacancies. The primary contribution to the pressure depend

ence of the term in brackets is from the radius r<j or the 

impurity cluster. Since rQ should decrease with increasing 

pressure* this could explain the larger AV^ inferred from 

the slope change alone. Unfortunately the scatter in the 

data is enough to obscure any quantitative results or 

definite decisions between the mechanisms involved• 

A number of formation volumes for vacancies in gold 

have been reported. They have been discussed in the quench-

12 5 ing papers ' and the Bourassa et al. paper. All are m 

fair agreement within their respective experimental errors. 

The present value agrees with Bourassa et_ al. within the 

stated errors but is considerably higher than the earlier 

quenching values. There are several reasons for this 

discrepancy. 

The earlier experimenters did not have at hand the 

Bourassa ejt al_. resistance vs_. pressure data. They used the 

ambient temperature resistance of the specimen at the quench 

pressure along with the atmospheric temperature coefficient 

to determine the specimen resistance at quench pressure and 

temperature. A simple calculation shows that the ratio of 

the resistance using the Bourassa et_ al. data and that used 

by the earlier quenches goes to 1 as P goes to zero, whereas 

at 10 kbar and temperatures from 6Q0°C to 700°C the ratio 

may be 1.01. Thus the earlier experimenters were quenching 



from 6°C to 8°C too high at their 10 kbar quenches thereby 

cancelling part of the pressure effect. Application of this 

correction to the Huebener and Homan data yields a value or? 

6.8 cm3/mole, in remarkable agreement with the present 

value. 

Huebener and Homan assumed that a fixed quench rate 

will produce a fixed fractional loss of vacancies. The 

present results show that.this is not the case. However for 

their quench rates, the effect is small compared with their 

•temperature error. Even for the 640°C quenches, a measurable 

fraction was lost at a linear quench rate of 10*1 C° sec"'. 

Finally, the previous experimenters had to apply relatively 

large corrections to their data to reduce it to a fixed 

quench temperature.. In the present experiment, the precision 

of the temperature control eliminated the need for such 

corrections. It is therefore not necessary to assume a 

formation energy in determining AV^,. 

For aluminum, there are far fewer results with which 

to compare. Bourassa et al. have derived a single vacancy 

formation volume of 5cm3/mole from their thermoelectric 

power data and 6.0 ± 0.06 cm3/mole from their resistance 

data in the 600°K to 700°K range. The latter is in particu

larly good agreement with, the present result, which was 

obtained at about 700°K. 
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Tracer Diffusion 

The diffusion coefficient D was obtained from the 

penetration plot of the specific activity I vs. the square 

af the penetration depth X2 • If the concentration of dif

fusing tracers is initially present on a plane surface at 

one end of a specimen having a semi-infinite solid geometry, 

then for a diffusion anneal of time t at temperature T, the 

solution to Ficks equation yields 

d(frl) = -ant}-1 
d(X2) 

If the diffusional process of the tracer atom is 

interpreted as an activated process with activation energy 

AG then 

D = fYa2ve~AG/kT , 

where y is a numerical constant depending on the geometry"of 

the crystal and f is the correlation factor. 

The total volume involved in the process of forming 

and moving a defect to the saddle point between atoms is 

thermodynamically related to AG through 

therefore, 

Av = f • 
act [ 3pJt> 

= kT[. + . 
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The last term can be estimated from the compressi

bility and the Gruneisen constant and contributes about 1% 

in the calculation of AVact. 

In terms of the molar volume of the diffusion copper 

atom (V = 7-1 cm3/mole), the weighted average for the two 

isotherms is 0.87 ± 0.03 molar volumes. A similar experi-

19 ment by Beyeler and Adda gave 0.93 molar volumes of copper. 

It is reasonable to compare copper with the other noble fee 

metals. Table 1 is a compilation of these results along 

9 „ with the theoretical calculation of Schottky et_ al. 

It can be seen that the diffusion results for gold 

are not consistent with the sum nor with the theory. In the 

case of Dickerson et^ al. there was a great deal of scatter 

in the data due to the thermocouple deterioration which 

resulted in the application of rather large temperature 

corrections. Beyeler and Adda do not mention their tempera

ture measuring procedure nor do they cite limits of error 

associated with their values. 

Aluminum is also included in the table as represent

ative of fee structure. The sum of AV« and AV is far less f m 

than AV This is probably due to the fact that for 

aluminum, divacancies are possibly the dominant defect at 

temperatures above 500°C where the diffusion measurements 

were made. 
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Table 1. Activation Volumes for fee Metals 

Metal AVf/V AV H-A.V-/V m 1 
AYact/V 
(exp.) 

AVact/V 
(theor.) 

Au .i5±-aid •67±.04a .82+.04 .71±.04e 
»72C 

.99b 

Ag .goi.oi1 

.91f 
.97b 

Cu .87±-03a 
~91c 

.93b 

Ai .19±.02S .64±.01a .83±.02 1.36+.llh 
1.29c 

a: Present experiment 
Q 

b: Schottky et al.^ 

2 ct Beyeler and Adda 
q 

dr Emrick 

4 e: Dickerson et al. 

21 f: Beyeler and Adda 

22 g: Buescher and Emrick 

h: Butcher, Hutto and Ruoff 

24 i: Tomizuka, Lowell and Lawson 
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With the exception of Schottky et al., all other 

theoretical calculations for the vacancy volumes were done 

only for copper. If we correct for the small difference 

between the metals as determined by Schottky et al. then 

within the limits of error, the value of AV for copper 

supports the sum for gold as determined in the present 

20 experiment. Doyama and Cotterill summarize the calculated 

values for copper and also derive a value for copper of 

AVact* Their value of 0.86 molar volumes is in remarkable 

agreement with our; experimental results. 

The results of the present experiment show a defin

ite trend toward a higher activation volume for gold than 

has been previously determined. The copper diffusion data 

also indicate a temperature dependent activation volume. It 

would be worthwhile remeasuring AV £ for gold with improved 

techniques in order to further Justify these conclusions. 
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